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For the expansion of the Netherlands inter-district telephone network that is now in 
hand the 48-channel carrier system developed by Philips in cooperation with the Dutch 
P.T.T.is being applied on a large scale. This system works with triple modulation. The 
form in which the system is being employed differs considerably from the usual 
All the equipment 
identical for all channels, 


construction, belonging to one individual channel which is 
is contained in one drawer; the respective components 
comprise 80% of the equipment for the whole system, excluding carrier feed and repeaters. 
Thus the installation contains 48 identical channel drawers. The rest of the apparatus 
is contained in two sets of four (smaller) group-repeater, drawers one group-combining 
drawer and one system-repeater drawer. The panels slide into racks and are connected 
to the rack wiring with the aid of socket blocks and four-pin plugs. In the case of a break- 
down in one channel the defective drawer is removed and replaced by a spare one. This 
method of working and mechanical construction offers great advantages and has been 
made possible by drastic reduction in the volume (by a factor of 4 to 5) of all components 
compared with former installations; this is due for a large part to the application 
of the new magnetic material ‘‘Ferroxcube”’ for the cores of the filter coils. The result 
of the saving in space allows of the whole of the equipment (including signalling) for the 


48-channel system being mounted on the front and back of only two racks. 


In many countries the long-distance telephone 
networks are being considerably expanded, partly 
in order to catch up with the arrears in the normal 
expansion and partly also with a view to shortening 
the delay on long-distance calls, thus making 
better use of the advantages of full-automatic 
working. has 

In the Netherlands, too, the number of connec- 
tions in the inter-district network is being consi- 
derably increased, inter alia by employing on a 
large scale the 48-channel carrier-telephone system 


_ developed by Philips in cooperation with the P.T.T. 


As its name implies, with this system 48 calls 
modulated on carriers can be transmitted over one 
pair of conductors simultaneously. Of each call the 
audio-frequencies between 200 and 3400 c/s are 
transmitted in a channel having a width of 4 ke/s. 
The 48 channels together cover the frequency band 


from 12 to 204 ke/s. Thus full use is made of the 


*) Of the Netherlands P.T.T. 
ae 
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frequency range for which the Dutch carrier tele- 
phone cables are suitable, provided steps are taken 
according to the most recent ideas to prevent cross- 
talk between the pairs of conductors. 

With this system a triple modulation system is 
used, the frequency allocations of which are indi- 
cated in fig. 1. For a detailed description of the 
method of modulation we refer to an article pre- 
viously published in this journal !). We shall only 
recapitulate here the main points. Each conver- 
sation to be transmitted is brought into a basic 
channel of 60-64 ke/s by means of a pre-modulator. 
The undesired modulation products, in particular 
the lower side-band, are suppressed by a channel 
band filter, which is identical for all the 
48 basic channels. In the next stage each 
twelve of these basic channels are modulated with 


1) G. H. Bast, D. Goedhart and J. F. Schouten, A 48- 
channel carrier telephone system, I, Choice of the method 
of modulation, Philips Techn. Rev. 9, 161-170, 1947 
(No. 6). 
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Fig. 1, Frequency allocation of the method of modulation of the 48-channel system. 
a) Low-frequency channel in the frequency range 0-4 kc/s. The ascending line indicates 
the rise of the audio-frequencies. 6) Pre-modulation with 60 ke/s carrier. From each low- 
frequency channel a basic channel is formed lying in the frequency range 60-64 ke/s. 
The undesired lower side-band suppressed by the channel band filter is denoted by dotted 
lines. c) Second modulation with the 12 different carriers 192, 196,... 236 ke/s for 
twelve basic channels. The result is a basic group in the frequency band 252-300 ke/s. 
d) Third modulation with the four carriers 240, 360, 408 and 456 ke/s for four basic groups. 
Thus the 48 channels are brought into their final position in the 12-204 ke/s band. 


12 different carriers and combined into one basic 
group in the band 252-300 ke/s. Owing to the high 
frequency of the basic channel all undesired modu- 
lation products fall outside this band and can 
therefore be suppressed by a common group 
band filter. Finally, in the third modulation stage 
by means of four carriers the four basic groups are 
assembled to form a super-group lying in the band 
12-204 ke/s. The undesired side-bands are here 
again suppressed by a common super-group filter, 
which owing to the wide separation of sidebands 
can be very simple. 

The demodulation of the incoming calls takes place 
in three entirely analogous modulation stages. 

The 
represented in fig. 2 in a block diagram (for one 


apparatus for the 48 channel-system is 


direction only; an identical apparatus is required 
in the opposite direction of transmission). 

In this article we shall go more fully into the 
construction of the apparatus for this 48-channel 
system. Both in its general set-up and in its detailed 
construction the form given to this system differs 
considerably from what has been usual so far in 
carrier-telephone installations. 

The fact that the choice of the method of modu- 
lation and the mechanical construction of the 
apparatus have been dealt with in two separate 
articles does not mean that they are really two 
separate things. On the contrary, the choice of the 
method of modulation is governed in no small 
degree by the principles of the mechanical con- 
struction, as we hope will be made clear from what 
follows. 


Principles underlying the mechanical construction 


Without confining our ideas to any specific 
method of modulation we may say that for a 


multi-channel carrier system a number of modu- 
lators, filters, amplifiers, etc. will be needed for 
each channel. In large terminal stations there are 
frequently a number of cables in various directions 
which in all may comprise several hundreds or may 
be even some thousands of channels. In such sta- 
tions there are consequently an enormous number 
of components. This fact largely governs the form 
to be given to any carrier system. The mounting 
of such a large number of elements in a not exces- 
sively large space, the localizing of a defective ele- 
ment in the case of a breakdown, the surveying 
of the whole when carrying out the necessary 
maintenance tests, the provision of the necessary 
spare components, all constitute problems of the 
first order which have to be taken into account. 
The matter is still further complicated by the 
consideration that the station can never be regarded 
as being a definitive installation: it must al- 
ways be possible to extend the number of connec- 
tions or to alter their distribution in different 
directions without too much difficulty. 

In the designing of the 48-channel system the 
primary aim was to arrive at a more rational and 
more economical solution of the aforementioned 
fundamental problems. An essential condition was to 
reduce the dimensions of the components as 
compared with former constructions. A drastic 
reduction of the transducers, accompanied by an 
improvement of their frequency characteristics, was 
made possible by employing the new magnetic 
material “Ferroxcube” for the cores of the coils 2). 
This material has therefore played an important part 
in the development of the new system. 


*) G. L. Snoek, Non-metallic magnetic material for high 


frequencies, Philips Techn. Rev. 8, 353-360, 1946. See ; 


also the article quoted in footnote 1. 
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We shall now proceed to describe the general 
set-up of the apparatus for this system, with 
reference to an older type by way of comparison. 


Distribution and mounting of the apparatus in racks 


In many existing carrier systems the following 
method of construction is used. In the station there 
is a rack (possibly more than one) in which all the 
channel band filters and modulators are mounted, 
also racks with channel repeaters and racks with 


48 basic channels 4 basic groups 
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For actual operation, however, such a construc- 
tion has its disadvantages. It involves very exten- 
sive and complicated wiring, due to the fact that 
components of each channel are distributed among 
a number of racks. When carrying out the usual 
test measurements for the regular overhaul one has 
to check all these racks in succession for each 
channel. In the event of a breakdown in any one 
channel all the racks have to be checked to trace 
the defect, whilst to repair it all sorts of soldered 
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Fig. 2. Apparatus of the 48-channel system for one direction of transmission. The sub- 
scribers’ lines at the transmitting end are numbered from / to 48 and those at the re- 
ceiving end from I’ to 48’. Mod I is the pre-modulator, CBF a channel band filter, 
Mod II second modulator, CT channel transducer; GR group repeater, by means of 
which the audio signals of 12 bundled channels attenuated through modulation and filter- 
ing are again amplified sufficiently high above the noise level; GBF group band filter, 
Mod ITI third modulator, GT group transducer, SBP super-group band filter; SR system 
repeater raising all 48 channels to the level desired for transmission along the cable. 
LR line repeaters connected to the cable at distances of 25 km, the last repeater being in 
the terminal station itself. 

At the receiving end in each channel there is a channel repeater CR, which compensates 
the attenuation by the last stages of the demodulation, and the signal receiver SO, 


which deals with the signals for dialling, etc. 


signal receivers, etc. These elements are mounted 
on panels and a series of such panels are fixed 
onto a rack one above the other; see fig. 3. The 
leads of each apparatus are soldered to terminals 
grouped together on a block for each panel. On the 
other side of the terminal blocks are the soldered 
wire connections between the panels and between 
the racks. 

This may in a certain sense be regarded as a 
surveyable or at least a systematic construction, 
and it was considered an advantage that the trans- 
ducers and modulators, which as regards their pro- 
perties are the most sensitive to temperature chan- 
ges, are kept apart from the elements containing 
sources of heat (repeater valves, supply trans- 


formers). 


connections have to be loosened and then resol- 
dered. The complicated wiring, and in particular the 
numerous soldered connections, make it difficult to 
expand or alter the systems in a station. The large 
number of soldered connections was also awkward 
for the manufacturers: the desire to minimize the 
amount of soldering work to be done in the station 
itself meant that the factory had to deliver a rack 
complete with all its apparatus already mounted, 
and considering the heavy weight of the completely 
mounted racks this involved many difficulties. 
Let us compare with this the fundamentals of the 
construction of the new 48-channel system. Two 
racks of this system are illustrated in fig. 4. Owing 
to the method of modulation by far the greater part 
of the apparatus is identical for all channels. All 
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Fig. 3. Part of a carrier telephone equipment (Philips 17-channel system) built in a 
manner that has been customary in the past. On the right, racks with filters and modu- 
lators (the covers of most of the panels have been removed); on the left racks with signal 
receivers (at the top) and relays and transformers (at the bottom). 


components that are identical are assembled for each 
channel and housed in a drawer, both those for 
transmission and those for reception. Thus in the 
48-channel system we have 48 absolutely identical 
channel drawers containing the major part (about 
80%) of the equipment: in each drawer there are 


mounted, among others, a pre-modulator, a channel 
band filter and a second modulator for the trans- 
mission path, together with the same elements for 
the reception path and, moreover, a channel re- 
peater (including attenuation equalizer) and a signal 
receiver. The racks are built in the form of open 
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Fig. 4. Racks of the 48-channel system. The apparatus is contained in sliding drawers. All components belonging to one 
channel which are identical for all channels, are mounted in one drawer. Thus the system has 48 identical channel 
drawers containing 80% of the whole equipment. Further there are eight group-amplifying drawers, a group-combining drawer, 


a system-repeater drawer, spare drawers and drawers with sundry accessories. The complete apparatus of a 48-channel 
system (excluding the carrier supply) is contained on the front and back of the two “system racks” shown here. 


Fig. 5. Carrier supply rack of the 48-channel system. With the apparatus on the front and back of this rack 6 x 48 
_channels can be supplied. 
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cabinets with shelves between which the drawers 
can be pushed in from the front and back. Socket 
blocks form the terminals for the wiring of the 
drawer and come to lie in line with corresponding 
blocks on the rack shelves, to which blocks the rack 
wiring is connected. The drawer is connected up by a 
set of four-pin plugs. On one side of the rack there 
is room for 12 channel drawers. Further there is 
room for two drawers containing the apparatus, 
separated for transmission and reception, for filtering 
out and amplifying a basic group; for a drawer 
making up one super-group from four basic groups; 
and further for other various drawers. 

. The manner in which the apparatus is combined 
simplifies the wiring of the racks. For the over- 
hauling of a channel all measuring points are found 
to lie close together. In the case of a breakdown 
of a channel there is no need first to trace the 
defect in the corresponding drawer ( a signal lamp 
shows which drawer is out of order) but one simply 
removes the whole drawer, after taking out the 
connecting plugs, and replaces it by a spare. Since 
all the channel drawers are identical, in principle 
only one spare drawer has to be kept in reserve for 
the whole system of 48 channels and there is no 
risk of a mistake being made in the replacement. 
The defective drawer can then be taken to « work- 
shop for examination and repair. A similar procedure 
is followed also for other parts of the apparatus, for 
instance the mutually identical group-repeater draw- 
ers, so that ideal conditions for the organisation 
of telephone services are very well approximated: in 
the stations themselves there is nothing else to be 
done than to replace components, repairs 
being carried out by specially trained workmen in a 
workshop which can serve severai stations. 

Such a method of construction as described here 
obviously has its advantages also for the manu- 
facturer. All the channel drawers being identical, 
they can be built in large series. Racks and drawers 
are built up complete in the factory and can be 
transported to the repeater station in separate 
units. Of course the cables between the racks have 
to be connected in the station itself after the empty 
racks have been set up in position, and once this 
has been done there is no need for any further 
soldering. Then the drawers only need to be placed 
in the racks and connected up with plugs, the 
installation then being ready for the final check- 
over before being put into operation. One might 
compare it to the erection of pre-fabricated houses 
and ships %). 

Presently we shall go into the construction of the 
drawers and their parts in more detail, but before 
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doing so we have something to say about the impor- 
tance of the size of all the 
components. It was only because all the equipment 
for an individual channel could be made sufficiently 
small, and of light weight to be handled easily by one 
man, that the principle of sliding channel drawers 
became a practicable proposition. Moreover, this 
was in itself of course highly important with a 
view to limiting the dimensions of the station as a 
whole: the complete «pparatus of this 48-channel 
system is now contained in no more than two racks, 
as compared with 8 or 10 in former equivalent 


reduction in 


systems. 


The principle of building racks of telephone installations 
in the form of sets of drawers and mounting the apparatus in 
sliding drawers with socket blocks was already applied by the 
Dutch P.T.T. about 1936 for the line repeaters of the low- 
frequency telephone networks. These repeaters formed natural 
units of not too large a volume. It was then applied mainly 
because of the advantages offered for easy expansion: starting 
for instance with 40 repeaters per rack, the installations could 
be expanded as required up to a maximum of 100 repeaters 
per rack simply by adding more repeater drawers. 


In addition to the apparatus of the system pro- 
per, the installation of the station comprises a 
carrier supply apparatus and the line repeaters 
with attenuation equalizers for the incoming carrier 
cables. These parts are mounted on separate racks, 
the carrier supply for six 48-channel systems oc- 
cupying only one rack. In fig.5 a photograph is 
reproduced of a carrier supply rack, details of 
which we shall not go into in this article. 

We shall conclude this general review by drawing 
attention to the fact than on each side of the rack 
there is a complete basic group of 12 channels, 
which can be dealt with as an independent group. 
This means that it is possible to start with a 12- 
channel system, for instance when there is not much 
traffic along a cable, and to extend it as the traffic 
increases by adding further groups to build up a 
24-, 36- or 48-channel system (provided of course 
that the cable itself and the line repeaters are 
calculated to take that number). It is also possible, 
for instance, to split up an existing 48-channel 
system into two equal halves of two groups each 


*) The first installation according to the system described 
(with 24 instead of 48 channels) was supplied by Philips 
in October 1947 for the station at Chur in Switzerland, 
where the number of connections had to be extended at 
short notice for the 1948 Olympic Winter Games. This was a 
striking example of how delivery can be expedited owing 
to the easier transportation (in this particular case all 
the drawers were transported by plane) and the fact 
that the racks in the station can already be connected up 
before the drawers arrive. 
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(24 channels) and to conduct the calls from the two 
halves. to two different cables. Thus, compared 
with former systems, this installation is much more 


flexible. 


Details of equipment 


In fig. 2 a block diagram has been given of the 
major components of the apparatus for the 48- 
channel system. In fig. 6 it is now shown in more 
detail how the equipment is distributed in drawers. 
With the aid of this diagram we can explain some 
details of this distribution. 

As already stated, in each channel drawer there is, 
among others, the pre-modulator, the channel 
band filter and the second modulator, for the trans- 
mission and receiving paths; see the part I framed 
in fig. 6. The second modulator is, it is true, fed 
with a different carrier frequency for each of the 
12 channels of a group, but these frequencies come 
from the rack wiring, there being no difference in the 
modulators themselves. Thus the drawers are iden- 
tical, only the position of the drawer in the rack 
determining which of the 12 bands between 252 
and 300 ke/s will appear at the output of the drawer. 


_ Mod tl 
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The channel transducers (CT) on the other hand 
do indeed differ for the 12 channels. Therefore, in 
order to keep the channel drawers identical, these 
filters are not mounted in the channel drawer, each 
of the twelve pairs of different filters being fitted in 
the corresponding shelf of the rack. This does not 
involve any great complication in the manufacture, 
since the coupling filters-are extremely simple 
(see the article referred to in footnote !)). 

A repeater and group band filter constitute 
the main components of each group-repeater 
drawer. These drawers, for transmitting and 
receiving ends, are likewise framed in fig. 6 (parts 
IIa and IIb respectively). 

Then there are the four group modulators with 
group transducers (GT) contained in a group- 
combining drawer (the framed part III in fig. 6) 
for the transmitting and receiving ends together. 
Each basic group can be connected to each of the 
four modulators, so that if desired, by adding a 
second group-combining drawer — in the normal 
48-channel system there is only one —, the system 
can be split up for instance into two 24-channel 
systems in the same frequency range, e.g. in the 


58247 


Fig. 6. The combining of the equipment of the 48-channel system in drawers. There are 
48 identical drawers I, each containing practically the whole of the equipment of an 
individual channel both for transmitting and for receiving. This has been made possible 
owing to the apparatus being identical for all channels, due to the method of modulation 
chosen. Only the channel transducers CT differ for the 12 channels of the group and they 
are therefore not contained in the channel drawers I but in the rack shelves on which 
the drawers are placed. Further, there are four identical group-repeater drawers Ila 
for transmitting and four similar drawers IJb for receiving, one group-combining drawer 
III and one system-repeater drawer IV. The meaning of the letters is as given under 
fig. 2. Some less essential elements which were left out in fig. 2 are indicated here in 


dotted lines: E equalizer, 


T transformers for matching or separation, LF low-pass 


filter for suppressing what is left of any carrie: leaking through from the adjacent channel 
(which would be audible as a whistling note of 4000 c/s). : ‘ 

In some installations it may not be desired to consider the signal receiver acting as the 
last element on the reception side as belonging to the carrier-apparatus. This applies 
to stations where signal receivers are already installed for all outgoing telephone lines. 
For such cases as this a somewhat different type of channel drawer is made without 
signal receiver; an example of this is the Swiss installation mentioned in footnote 3. 
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frequency band 12-108 ke/s. On the side 
of the rack where there is no group- 
combining drawer another drawer can 
be inserted containing measuring 
apparatus or suchlike. Finally, in the 
48-channel system there is one drawer 
containing the super-group filter and 
the system repeater (the part IV 
framed in fig. 6). The super-group 
filter is not a band filter but can be 
a simple low-pass filter, as may be 
readily understood from an examina- 
tion of the modulation system in 
fig. 1. 

Right at the bottom of each rack 
is the alarm apparatus and the power 
supply, i.e. the filament transformers; 
the anode voltages are supplied by 
the storage batteries installed in every 
terminal station. At the top of the 
rack are the terminal blocks for 
connecting up the inter-rack cables. 
The wiring of the rack itself is contained 
in the side walls of the rack and in 
the shelves between the drawers. The 
wiring in the open sides of the outer- 
most racks in a row is screened off 
by covering plates. 

All the terminal connections on the 
socket blocks fitted on the shelves for 
the channel drawers are in duplicate, 
so that test measurements can be 
taken or an aged valve can be 
replaced without interrupting a 
conversation taking place along a 
channel in the corresponding drawer; 
this is done by connecting the spare 
channel drawer to the corresponding 
shelf by means of patching cords, so 
that this can take over temporarily 
the function of the operating channel 
drawer. In order to facilitate this 
connection with patching cords to all 
channels the spare drawer is placed in 
the middle of the rack. For normal 
service measurements on drawers the 
connecting plugs are used as measuring 
points. 

Fig. 7 shows how the channel 
drawer with a spare drawer, two 
group-repeater drawers, a group-com- 
bining drawer and the system-repeater 


Fig. 7. Close-up of a system rack of the 48-channel system. The compartment 
for the spare channel drawer (in the middle) and a half compartment for a 
spare system-repeater drawer have been left open; higher up two channel 
drawers have been taken out to show the wiring in the shelves and in the 
side walls of this rack. In the shelves may also be seen the small cans 
containing the channel transducers. The connection between the rack 


wiring and the drawers is made by means of sets of four-pin plugs fitting into 
the socket blocks. r 


drawer are arranged on one side of the rack. mentioned above, such as the placing of the 
This photograph also shows some of the details channel transducers, the wiring, etc. 
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Construction of drawers and components 


This distribution of the components in drawers 
allows not only of a splitting up of the equipment 
into natural units but also of standardization 
of the dimensions of the drawers. In the racks 
there are only two types of drawers, whole and 
half ones; in the carrier-feeding rack, which we are 
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necessary. The photograph of a channel drawer in 
fig. 8 clearly shows this “two-dimensional” wiring 
and the compact arrangement of the components 
in the drawer. 

The cans are not filled up with a compound, as 
they used to be, but are sealed by soldering. This 
results in a great saving in weight, so essential for 


Fig. 8. Channel drawer ready to be put into the rack. The channel band filters for the trans- 
mitting and receiving ends are contained in two long cans, which are slightly higher than 
the others and occupy the rearmost part of the drawer. All other components (e.g. modu- 
lators, transformers, equalizers, condensers, etc). are contained in cans all of the same 
height and width and with standardized depths. In this way all the space available in the 
drawer is filled up compactly and the wiring is kept flat. The repeater valves (one for the 
channel repeater and one for the signal receiver) protrude, so that they can easily be 
replaced and do not cause undesired heating of the components in the drawer. In the 
middle of the front plate of the drawer is a signal lamp which lights up in the event of a 
defect arising in the drawer. By means of a control knob on the right-hand side of the front 
panel (on the left if the drawer is placed in the rack upside down) the gain of the 
channel repeater can be adjusted to the right value while the drawer is being tested. 


not dealing with here, there are also quarter draw- 
ers. This standardization is of importance for the 
manufacture of the installation and obviously allows 
of the space available in the rack being fully 
utilized. 

Of course also the space inside each drawer 
has to be utilized to the best advantage. To this end 
the dimensions of the cans in which most parts, 
such as filters, transformers, etc., are contained 
are likewise standardized. Except those contained 
in the band filters all cans are of the same height 
and width, though there are four different depths. 
Thanks to this uniformity of height the wiring inside 
the drawer can be kept entirely in one plane, making 
it easily surveyable and facilitating not only the 


wiring up in the factory but also repairs where 


ye 


sliding out the drawers, whilst there is still sufficient 
protection against the influence of moisture on the 
insulating material and dielectrics in the compo- 
nents. Each can has two pins underneath fitting 
into holes in the bottom of the drawer and secured 
with nuts. The drawers are put in the racks upside 
down so that no dust can settle in them. The 
repeater valves, of which there are for instance two in 
each channel drawer — one for the channel repeater 
and one for the signal receiver —, protrude at 
the front of the drawer; this facilitates replacement 
and, moreover, contributes towards an adequate 
heat transfer. This also avoided the previously 
mentioned point about inadvisability of the modu- 
lators being mounted on one rack together with 
the heat-spreading valves. Nevertheless the filters 
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and modulators are placed as far away as possible 
from the valves by mounting them right in the back 
of the channel drawer; this precaution has proved 
to be quite satisfactory, the influence of the con- 
duction of heat to the filters being imperceptible. 
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Fig. 9. Channel band filter, opened. The coils (at the bottom) 
and the condensers (at the top) are arranged in the same order 
as is usually followed when drawing the circuit diagram of 
such a filter (see fig. 9 of the article quoted in footnote *)). 
Owing to the high permeability of the “Ferroxcube”’ cores, 
the coils can be placed side by side without screening. 


The internal construction of the channel band 
filter is shown in fig. 9. 

The very considerable reduction in the size of the 
parts, to which reference has been made several 
times already, is illustrated in fig. 10. There we see 
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equipment. But also the other parts have been 
drastically reduced in volume. In the case of the 
modulators this has been achieved by an artifice. 
Each modulator contains four small selenium recti- 
fiers, an input transformer and an output trans- 
former. Since however, as shown in fig. 6, there is a 
filter adjoining one side of each modulator, the 
transformer on that side could be dispensed with 
by making an extra winding on the core of the first 
(or last) filter coil and letting the coil itself function 
as the other winding of the transformer. 

The reduction reached in the size of the cans, 
compared with the former normal dimensions, 
would have been incomplete if it had not proved 
possible at the same time to reduce the seals of the 
cans considerably. Fig. 10 shows the comparatively 
long ceramic seals of the old cans, which have now 
been replaced by a construction with a glass bead 
tinned round the circumference and soldered into 
an opening in the top of the can. The sealing beads 
of all the cans in a drawer come to lie in one contin- 
uous rectangular pattern, thereby giving the flat 
wiring the aspect of compactness as seen in fig. 8. 

Finally it is to be mentioned that only one type of 
repeater valve is used in the installation. This valve, 


a pentode (type 18040), has been specially designed 


Fig. 10. Comparison of components of the 17-channel system (placed at the back) with 
those of the new 48-channel system (in the front). From left to right: two condensers, 
two transformers, a channel band filter (in the old system consisting of four boxes), 
the repeater valves and a relay. The reduction of the dimensions in the new system and 
the standardization of the parts are clearly seen: the two condensers and transformers 
are now in cans of the same width and height; only in the depth are there four different 
dimensions. Whereas formerly three types of valves were used, viz. types 18013, 18014 
and 18015, now there is only one type, 18040. 


a channel band filter compared with the correspond- 
ing filter of an older system (the Philips 17-channel 
system *)). This reduction in size, made possible 
by employing “Ferroxcube’’, will be realized when 
one considers that the channel filters in earlier 
systems often represented about half of the channel 


4) See Th. J. Weijers, Filters for carrier-wave telephony 
installations, Philips Techn. Rev. 7. 104-112, 1942. 


for the desired universal application. Moreover, 
being built according to the C-technique (all-glass 
envelope with flat base), it is of much smaller 
dimensions than the valves formerly employed in 
telephone installations; see fig. 10. Thus here again 
the principles of reduction and standardiza- 
tion have been applied, such as characterize the 
construction of the whole of the 48-channel system. 
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CELLULOSE FIBRE 
PHOTOGRAPH TAKEN WITH THE PHILIPS ELECTRON MICROSCOPE EM 100 


This is a fibre of a special kind of paper used, inter alia, 
as dielectric for high-tension capacitors. The photograph clearly 
shows that the fibre (which happens to be narrower than 
normal specimens) is in itself of a fibrous structure with 
fibrils about 80 my in width. 

The magnification is comparatively small (6000 times) but 
the resolving power is remarkably high. The large field 
of vision at such small magnifications is a characteristic 
feature of the EM 100. 


Before being placed in the microscope the specimen was 
“shadowed” in a well-known manner to bring it out clearly 
in relief: it was exposed in vacuum to a directed beam of 
vaporized gold. The electrons are strongly scattered by 
atoms of gold, so that the picture shows less blackening of 
the parts where gold has been precipitated, whereas the 
parts of the specimen lying in the “‘shadow” when the beam 
of gold was directed upon it, received no gold and thus show 
up in the picture as real deep black shadows. 
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PHILIPS TECHNICAL REVIEW 


PROJECTION-TELEVISION RECEIVER 
V. THE SYNCHRONISATION 


by J. HAANTJES and F. KERKHOF. 


The video signal sent out by a television transmitter contains both picture and synchro- 
nisation signals, of which latter there are two kinds, one for the horizontal and one for the 
vertical scanning. In previous articles it has been shown how in a receiver the synchronisation 
signals are separated from the picture signal and how the two kinds of synchronising 
signals are separated one from the other by means of two R-C circuits. As regards the 
vertical synchronisation this method is not accurate because the moment at which the 
voltage on the corresponding capacitor passes a threshold value is not sharply defined, 
and this may lead to a troublesome “pairing’’ of the lines forming the television picture. 
Here a circuit is described which is free of this evil. In this system a resistor is again 
used in series with a capacitor, but it is from the resistor that the voltage is taken. At a 
certain point in the vertical synchronising signal this voltage shows a peak with a steep 
front. This peak synchronises the saw-tooth generator for the vertical deflection. — The 
number of valves can be minimized by using two heptode-triode valves (ECH 21), the 
triode system of which forms part of the saw-tooth generator for the horizontal and ver- 
tical deflections respectively. The method described is suitable for all present-day tele- 
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vision standards. 


The series of articles on the Philips projection 
television receiver is now concluded with a des- 
cription of the manner in which the synchronisation 
of the horizontal and vertical deflections is achieved 
in this set. 

In the previous article 1) mention was made of 
the two blocking oscillators each supplying a saw- 
tooth voltage for controlling an output stage. The 
output stages produce saw-tooth currents which 
flow through the deflection coils and thus periodi- 
cally deflect the electron beam in the cathode-ray 
tube in the horizontal and in the vertical direction. 
This deflection must of course be accurately in 
phase with the movement of the electron beam 
scanning the picture in the transmitter. To ensure 
synchronism, in addition to the picture signal 
synchronising signals are transmitted which, 
by means of certain circuits which will be des- 
cribed later, introduce a current pulse just at the 
right moment in the triode of each of the saw- 
tooth oscillators. 

All the characteristic data of a television trans- 
mitter — the form of modulation (positive or 
negative, see below), the form of the synchronising 
signals, the manner of scanning (interlaced or not), 
the number of lines per picture, the number of 
pictures per second and other data of a similar 
nature — are collectively referred to as the tele- 


1) Projection-television receiver, IV. The circuits for deflec- 
ting the electron beam, by J. Haantjes and F. 
Kerkhof, Philips Techn. Rev. 10, 307-317, 1949 (No. 10). 
This article will further be referred to here as article IV. 


vision standard. So far there is very little inter- 
national uniformity in regard to television stan- 
dards; most closely approximating each other are 
the British and French standards, which differ 
only in the number of lines per picture and in a few 
details of the synchronising signals. We shall deal 
here briefly with two of the points mentioned, the 
form of the modulation and the synchronising 
signals. 


Positive and negative modulation; the two kinds 
of synchronising signals 


In Great Britain and France “positive (am- 
plitude-) modulation” is used, that is to say the 
greatest brightness in the picture to be transmitted 
corresponds to the maximum carrier-wave ampli- 
tude (100%) whilst zero brightness corresponds to a 
given lower amplitude (black level) lying for instance 
at 30%. The synchronising signals consist of a vari- 
ation of the carrier amplitude between this black 
level and zero according to rectangular pulses 2). 

In the U.S.A. on the other hand “negative 
(amplitude-) modulation” is usually employed, 
the maximum picture brightness corresponding to 
the zero carrier amplitude and the black level lying 
at, for instance, 75°% of the maximum amplitude, 
whilst the synchronising signals are formed by 
block-shaped pulses between the black level and 
100%. The experimental transmitter at Eindhoven 


*) See, for instance, the article on television receivers, Philips 
Techn. Rev. 4, 342-350, 1939. 
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(Netherlands) likewise works with negative modu- 
lation. 

It is not the place here to weigh up the advantages 
and disadvantages of the two systems, but it is to 
be remarked that for the synchronisation system 
to be described here it makes no difference whether 
positive or negative modulation is employed. 

There are two kinds of synchronising signals to be 
distinguished, those for the synchronisation of the 
lines (horizontal deflection of the electron beam 
in the cathode-ray tube) and those for the syn- 
chronisation of the frames (vertical deflection). 

Line synchronisation takes place after the tracing 
of each line; the moment at which a line has to 
begin is determined by the carrier amplitude being 
made zero (in the case of positive modulation) or 
100% (in the case of negative modulation) for a 
certain time interval once per line; see fig. la. 
Apart from certain details, this applies for all 
television standards. 
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The signals for the vertical synchronisation 
differ rather more, but there is international unifor- 
mity in so far that after each frame during an 
interval of at least 10 T no picture signals are trans- 
mitted (thus at least 10 lines per frame or at least 
20 lines per complete picture are lost), during which 
interval the video signal alternates in a rectangular 
manner in an alternating rhythm, partly at twice 
the line frequency and partly at the line frequency 
itself. By way of example, figs 1b and c give the 
form of the signal for vertical synchronisation 
according to the British and French standards *). 


Separation of the signals 


In fig. 2 the block diagram of the synchronisation 
and deflection apparatus (the deflection apparatus 
was discussed in article IV) is given once again. 


4) Fig. 1 of the article quoted in footnote *) represents the 
form of the synchronising signals that were used at the 
time (1939) by the B.B.C.; they differ somewhat from the 
present form. 
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ic. 1. Form of the video signal. a) The picture signal of a few lines with the line-synchron- 
He pulses in between. t ee a of peeateot brightness, Tig black level, III = level 
of the peaks of the synchronising signals. With positive modulation I corresponds toa 
modulation depth 100%, II corresponds to 30% and III to 0; with negative modulation 
I corresponds to 0, II to 75%, III to 100%. T = line period. — On another scale of the 
time t the signals for the vertical synchronisation to the British and French standards 
are represented under b) and c), this being what precedes an even and an odd frame res- 
pectively*), t, indicating the instant at which the vertical synchronisation takes place 
with the new system. The vertical arrows indicate the instants of horizontal synchron- 


isation (line-synchronisation). 


8) Here the words even and odd can be interchanged. 
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Fig. 2. Block diagram of the synchronisation and deflection apparatus. 
B; = output pentode of the video receiver, B, = cathode-ray tube with 
deflection coils f and j. For the horizontal deflection there is a driver 
stage (triode of B, and network g) and an output stage (pentode B,, 
efficiency diode B, and transformer h), and for the vertical deflection 
likewise a driver stage (triode of B, and network c) and an output stage 
(compensating network d, pentode B, and transformer e). a is a source of 
negative grid bias, b is a network for separating the synchronising signals. 


In this diagram the output valve (B;) of the video 
receiver has been included. With our circuit the 
control grid of this valve receives a signal of the 
form represented in fig. 1. (To bring this about 
either for positive or for negative modulation the 
stages preceding B, have to be arranged differently 
for these two methods of modulation.) 

The output signal from B;, the polarity of which 
is opposed to that of the input signal (fig. 1), 
directly controls the cathode-ray tube and thus 
causes variation in brightness on the screen in 
accordance with the picture being transmitted. 


Fig. 3. The video signal is applied to the biased control grid 
of an amplifying valve in such a way that only part of the 
amplitude of the synchronising signals initiates anode current 
(ia); the other part falls in the cut-off region. v,, = control- 
grid voltage. 


But at the same time this output signal from B, 
is applied to the control grid of an amplifying valve 
which has a bias so chosen that the black level is 
clipped off. With the given polarity of the video signal 
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supplied by B, the picture signal makes 
the grid still more negative (fig. 3). 
In this manner the picture signal is 
suppressed. The synchronising signals 
J on the other hand form pulses which 
f cause anode current surges. 

This is how the synchronising signals 
are separated from the video signal. 
However, they still consist of a mixture 
of synchronising signals for the two 
directions of deflection and they have 
to be separated so that each one of them 
can act upon the oscillator for which it 


$5303 


is destined. 

The last-mentioned separation has 
most commonly been brought about °*) 
by feeding the combined synchronising 
signal (i.e. the output voltage of the 
valve in which the picture signal is clipped off) 
to two series-circuits consisting of a resistor and 
a capacitor R’-C’ and R”-C” (fig. 4). With a 
suitable choice of the time constants R’C’ and 
R’C” (R’C’ smaller than the width of the line- 
synchronising pulses, thus R’C’ less than 0.1 T, 
and R’’C”’ = T) voltages of the form sketched in 
figs 5b and c appear across the resistor R’ and the 
capacitor C’’. This is what takes place with the 
synchronising signals according to the British and 
French standards (fig. 5a). The fact that the polarity 
is as indicated in fig. 5a follows from fig. 3. 

The voltage across R’ has peaks of periodicity T 
(and during a signal for vertical synchronisation 
peaks of periodicity 1/,T) which are well suited 
for line synchronisation. We are still applying this 
method, as will be seen farther on. 

Owing to the choice of RC” the voltage v,” 
across C’’ (fig. 5c) shows only insignificant vari- 
tions in the line-synchronisation pulses, but with 
the wider pulses of the vertical synchronisation this 
voltage can vary to a larger extent. When it 
passes a certain threshold value it is able to initiate 
in a valve an anode current which causes the 
light spot to travel up the screen from bottom 
to top. 

However, the moment at which v,”’ passes the 
threshold value is not sharply defined, for two 
reasons. In the first place the value of v,’’ at which 
the vertical-synchronising signal begins to operate 
(fig. 5) is not always the same, this initial value 
being the remainder of the voltage which the pre- 
ceding line-synchronising pulses have produced in 
C’’, whilst the value of this remainder depends upon 


5) Cf. the article quoted in footnote 2), figs 9 and 10. 
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the time that has elapsed between the last line- 
synchronising pulse and t). This period of time, in 
the case of interlaced scanning, is alternately equal 


to */.T and to T (cf. figs 1b and c). In the first 


+ 


Fig. 4. B; = amplifying valve to which the video signal is 
applied (cf. fig. 3). The two kinds of synchronising signals 
present in the output voltage are separated by the networks 
C’-R’ and C’’-R” with different time constants: C’R’ < 0.1 T, 
C’R” = T. The horizontal synchronisation is brought about 
by the voltage vp’ across R’; the vertical synchronisation, 
according to the old method, is brought about by the voltage 
vc’ across C”. 


case v,’ has a certain start and thus the synchron- 
isation is brought about slightly earlier than the 
synchronisation of the previous or the following 
frame. The result is that the lines of the even frames 
do not come to lie exactly half-way between those 
of the odd frames but have a tendency to “pair” 
(fig. 6). Obviously this detracts from the fineness 


of the raster. 


This cause of pairing can be eliminated by having a 
series of so-called equalizing pulses preceding each ver- 
tical-synchronising signal, so that the varying duration of the 
interval mentioned above no longer has any effect. American 
transmitters employ such equalizing pulses. However, there 
are other causes of “pairing”? which are not eliminated by 


this means, as we shall presently see. 


The second cause of the vertical synchronisation 
not being sharply defined lies in the fact that the 
threshold value that v,’’ has to exceed shows fluc- 
tuations which cannot be entirely avoided. In 
particular, when the threshold voltage has a ripple 


et 
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Fig. 5. Voltages in the circuit according to fig. 4. a) Output 
voltage of the valve B, (some line-synchronising pulses follo- 
wed by a signal for vertical synchronisation); b) the voltage 
vp’; c) the voltage vc”. 


SYNCHRONISATION OF TELEVISION RECEIVER 367 


of the line frequency — and such a ripple may 
easily arise, for instance via the common supply — 
this also leads to undesirable pairing of the lines. 

Both causes are in fact to be traced to one origin: 
the gradual rise of the voltage v,’’. If it were 
possible to derive from the signal for the vertical 
‘synchronisation a pulse with a steep front, 
such as is shown for instance by the line synchron- 
ising pulses illustrated in fig. 5b, then there would 


: 56487 
Fig. 6. Pairing of the lines of a television picture arises 
owing to the flyback not taking place at A but for instance 
somewhat later, at B. Odd lines are fully drawn, even lines 
are broken (see footnote *)), flyback (from bottom to top) 
dotted lines; flyback times are assumed to be infinitely short. 


-be none of these troubles. The manner in which the 


vertical synchronisation can be brought about by 
means of a steep front will appear from what 
follows. 


Vertical synchronisation with steep front 


The method of vertical synchronisation that 
we are now applying is based upon the following. 
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Fig. 7. a) The same synchronising signals as in fig. 5a applied 
to a circuit C’-R” with C’R” ~ T. Instead of the voltage 
across C”’, for the vertical synchronisation use is made of the 
voltage vp” across R” illustrated under b. The vertical syn- 
chronisation is brought about by a positive pulse with steep 
front at t = t. 


The synchronising signals (fig. 7a) are again con- 
ducted to an R-C circuit with a time constant ~ T. 
Instead of taking the voltage across the capacitor 
we now take that across the resistor, as is done 
for the horizontal synchronisation. This voltage 
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has the form represented in fig. 7b. As will be seen, 
at t = t, there is a pulse with a steep front. The 
instant t, follows t) (at which the signal for the 
vertical synchronisation begins) after a fixed inter- 
val 0.4T, which is governed by the transmitter. 
The pulse at t, is therefore excellently suited for 
vertical synchronisation. Further details are des- 
cribed below, where we shall at the same time have 
an opportunity to go into some details of the 
horizontal synchronisation. 


Practical execution 


The circuit is represented in fig. 8. For the 
suppression of the picture signal, in the manner 
depicted in fig. 3, use is made of the heptode part 
of the heptode-triode B, (fig. 2). The synchronising 
signals thereby occur on the two electrodes serving 
as output of the heptode, viz. the anode and 
third grid. The lines are synchronised via the 
anode and the frames via the third grid. 
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result, each line-synchronising pulse develops a 
voltage peak in the positive sense on the grid of the 
triode and thus initiates current through this valve 
just at the right instant. This keeps the line-fre- 
quency oscillator in the right phase. (Actually there 
is no resistor R,, but there is an equivalent resis- 
tor R,’ across the other coil of the transformer, 
which the function of 
damping the oscillator circuit formed by the trans- 


resistor also performs 


former with its self-capacitance.) 


The signal for the vertical synchronisation brings about a 
series of peaks with an interval of only 1/, T on the triode grid. 
The “interposed” pulses however are ineffective, because the 
voltage across the capacitor C,’ (fig. 8) is then of such a high 
value as to keep the valve cut off in spite of the peak in the 
positive direction. 


As already stated, the third grid of the heptode 
system of B, (fig. 8) acts as second output electrode. 
It is particularly suitable for this function because 
it is screened from the anode by the fourth grid, 
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Fig. 8. Complete synchronisation circuit (including the driver stages). 0-1 = input for 
the video signal, B, and B, = heptode-triodes ECH 21, g = blocking oscillator for the 
horizontal deflection (output terminal 2’), c = ditto for the vertical deflection (output 
terminal 2’’). R, = damping resistor. The circuit C,-R, corresponds to C’-R’ (fig. 5b), the 
circuit C,-R, corresponding to C’’-R”’ (fig. 7b). C, = smoothing capacitor of small value. 


Let us first consider the line-synchronisation, 
which needs little explanation. The anode Aj, of the 
heptode is connected to a network C,-R, which 
corresponds to C’-R’ of fig. 4 and carries the voltage 
pulses from A, to the anode A; of the triode. Thus 
the voltages at A, and at A; follow the form indi- 
cated in figs. 5a and 5b respectively. The triode 
forms part of the saw-tooth oscillator for the line 
frequency. 

The transformer bringing about the coupling 
between the grid circuit and the anode circuit of 

‘the triode is connected in such a way that a voltage 
drop at A; causes a voltage rise at the grid. As a 


which is made in the form of a screen grid, and thus 
is affected very little by the high voltage peaks 
(with the line frequency) occurring at the anode. 
It is, however, essential that the mean voltage on the 
third grid should be fairly low, such with a view 
to the proper distribution of the cathode current 
between the various grids and the anode; the third 
grid is therefore connected to a tapping on the 
supply source, as may be seen in fig. 8. 

In series with the third grid is a resistor across 
which voltage pulses occur having the form of the 
synchronising signals. A coupling element C,-R, 
transmits these pulses to the control grid of the 
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heptode system of the valve B,. This coupling 
element is the aforementioned R-C circuit which 
transforms the synchronisation signals (fig. 7a) 
into the form represented in fig. 7b. The sign of the 
voltage across R, and the value of the bias on the 
control grid are such that only positive peaks of the 
pulses occur in the grid base. Only at these peaks 
— in fact, as will appear presently, only at the 
first of these peaks — can anode current flow 
through the heptode (B,). The anode of this heptode 
is coupled to the anode of the triode system con- 
tained in the same valve and generating the saw- 
tooth voltage of the frame-frequency. The coupling 
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Fig. 9. The wave-form as function of t, during a vertical 
synchronising signal, of 

a) the cathode current i, in the heptode system of B, (fig. 8), 
b) the voltage vg. = vg, on the two screen grids, 

c) the voltage v,, on the third grid, 

d) the anode current ig. 

After the first pulse in v,, anode current surges no longer 
occur until the next signal for vertical synchronisation comes 


through. 


may consist of a connection between the two 
anodes. The voltage on this coupling shows a 
polarity which is the reverse of that in fig. 7b., 
but the coupling transformer again ensures that 
the synchronising pulse reaching the grid of the 
triode has a positive sign. 
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Thanks to the steep front of the pulses on R, 
there is no fear of any of the difficulties arising 
which occur in the case of a gradually rising 
grid voltage (fig. 5c). 

In one respect, however, a small precaution has 
to be taken in this system. The triode grid of B, 
receives not only a positive pulse at the instant t, 
(fig. 7) but also a number of successive pulses at 
ty, tz, and so on, and furthermore, after the signal 
for the vertical synchronisation has stopped, line- 
synchronising pulses following one upon the other 
at an interval of time T (fig. 1b or lc). These latter 
pulses on the triode grid of B, are undesirable. 

At the instants that these line-synchronising 
pulses occur the grid current discharging the capa- 
citor C,’’ and starting to flow at t, has dropped 
almost to zero; the instant at which this current 
becomes zero is subject somewhat to the effect of 
the pulses previously referred to. Now in itself this 
would be no objection if the pulses always had the 
same time interval with respect to t,, but this is 
not the case, as may be seen from figs 1b and c. The 
line-synchronising pulse A lies 1/,T closer to t, 
than the corresponding pulse B. In other words, 
with the even frames the capacitor C,’’ would begin 
to charge itself again at a moment slightly different 
from that in the case of the odd frame. This would 
mean again a certain tendency towards pairing. 

This risk is avoided by so arranging the circuit 
that the first current surge through the heptode 
(B,) itself causes the anode circuit to be blocked 
for a time, so that further pulses do not occur. By 
the time that the next signal for vertical synchron- 
isation comes through, the charge bringing about 
the negative grid bias has leaked away sufficiently 
to allow of the valve functioning again normally. 


This blocking of the anode circuit takes place in the 
following way (see fig. 8). The two screen grids of the heptode 
(B,) are fed via a common series resistor and are connected 
to the cathode via a smoothing capacitor (C,) of smal11 value. 
As soon as current begins to flow through the heptode the 
voltage on the screen grids drops. This voltage drop is trans- 
mitted via a coupling capacitor to the third grid, which was 
previously at zero potential but then becomes negative. With 
each successive cathode current surge (fig. 9a) the voltage 
on the three grids again drops (figs 9b and c). Already at the 
first voltage drop the voltage on the third grid falls below 
the cut-off limit and the anode current is kept at zero (fig. 
9d). Thus only one anode current surge takes place, and that 
is the one that brings about the vertical synchronisation. 


Concluding remarks 


The synchronisation system described can be used 
for all present-day television standards and is 


370 PHILIPS TECHNICAL REVIEW 


entirely free of pairing of the picture lines. It is 
employed in the Philips projection-television re- 
ceiver but is of course equally suitable for “direct- 
vision” receivers. 

The form of execution with two heptode-triode 
valves (type ECH 21) described here has the ad- 


vantage of requiring the smallest number of valves, 
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but it is not the only possiblility. For instance, 
with a few small alterations, the heptode systems 
could each be replaced by a pentode, and the two 
triode systems could be combined into one double 
triode. 

A photograph of the receiver built on these lines 
was given in article IV (fig. 2). 
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1804: J. van der Vliet: Investigations on ste- 
rols, 1V. The configuration of the junction 
between rings C and D in cholesterol. (Res. 
Trav. chim. Pays Bas 67, 343-348, 1948, 
No. 6.) 

The ketone C,,H,,0, obtained by the oxidation 
of vitamin-D, and which still contains the rings 
C and D of the original sterol, appears to be readily 
converted into an isomer and the same holds for its 
semicarbazone. This isomerisation is to be explained 
by the conversion of the trans-hydrindane into the 
cis-hydrindane configuration. From this it is con- 
cluded that the junction between the rings C and D 
in vitamin-D,, 7-dehydrocholesterol and cholesterol 
very probably has the trans-configuration. 


1805: A. H. W. Aten Jr. and J. v. Dreven: A 
simple apparatus for the measurement of 
diffusion rates (Trans. Faraday Soc. 44, 
202-204, 1948, No. 4.) 


The method proposed by the writers consists in 
filling the pores of a porous disc with the solvent, 
after which the disc is immersed e.g. for two hours 
in a beaker containing the solution for measurement 
which is kept at a constant temperature. 

After this the contents of the disc are sucked into 
a beaker and the liquid in the beaker is analysed. 


1806: P. C. van der Willigen. Warm-scheuren 
in lasrupsen en blauwbrosheid (Lastechniek 
14, 95-102, 1948, No. 8). (Hot-cracking in 
welds and blue-brittleness; in Dutch). 


The author discusses some aspects of hot-cracking 
in welds, the most important of which are: 
1) Differences in sensitivity for hot-cracking are 
often accompanied by differences in blue-brit- 
tleness (measured by notch impact tests). 


2) The blue-brittleness of the material deposited 
is to be ascribed to the joint action of impurities. 
the differences between various types of elec- 
trodes and especially to the N- and O-content. 

3) A characteristic difference in the various types 
of welding electrodes is the H-content imme- 
diately after welding. This is presumably also a 
cause of the difference in sensitivity for hot- 
cracking. . 


1807: H. C. Hamaker: Toevals-frequenties, een 
hulpmiddel bij de constructie van kunst- 
matige steekproeven van grote omvang 
(Statistica 2, 129-137, 1948, No. 4). (Random 
sampling frequencies, a short-cut technique 
for the artificial constructions of large-size 
random samples; in Dutch.) 


In this article a short-cut technique is described 
to arrive at artificial random samples of, say, 500 or 
1000 scores, making use of previous records of the 
frequencies of two-digit random sampling numbers. 


1808*: H. J. Vink: Het geleidingsmechanisme 
van de oxydekathode (Thesis, Leiden 1948, 
170 pp., 63 fig. 5 tables). (The conduction 
mechanism of the oxide cathode; in Dutch.) 


The resistance of a normal BaSr oxide coating is 
studied as a function of the temperature and at 
various degrees of formation. The logR-T~ charac- 
teristic is proved to consist of different parts, 
each part corresponding to one of the, different 
results mentioned in the literature on the subject. 
It is impossible to explain the results on the basis 
of modern theory of electronic and ionic conduction 
of solids alone. Therefore a new theory is given, 
taking into account the conduction through the 
electron gas present between the emitting grains 
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of the porous oxide coating. Starting from reason- 
able assumptions as to the electron emission of 
separate grains, it is proved to be theoretically 
possible to calculate a resistance of the same order of 
magnitude as that experimentally observed; at the 
same time certain peculiarities of the characteristics 
may be explained in this manner. 


1809: P. W. Haayman en G. W. Oosterhout: 
Eigenschappen en toepassing van halfgelei- 
ders als weerstandsmateriaal met grote ne- 
gatieve temperatuur-coéfficient (Electro- 
techniek 26, 342-347, 1948, No. 21). (Pro- 
perties and application of semi-conductors 
having a high negative temperature coeffi- 
cient of the electrical resistance; in Dutch). 


In this paper a survey is given of the properties of 
semi-conductors and of their most obvious appli- 
cations in electric circuits, such as protection 
against high currents, compensation of a high 
positive temperature coefficient, resistance ther- 
mometer, bolometer, wattmeter, artificial horizon, 
voltage stabilizer and adjustable resistance without 
moving contact. 


R 89: B. D. H. Tellegen: The synthesis of pas- 
sive, resistanceless four-poles that may violate 


the reciprocity relation (Philips Res. Rep. 
3, 321-337, 1948, No. 5). 


The most general, passive, resistanceless four- 
poles of a certain order that may violate the reci- 
procity relation are investigated. They can be 
realized by means of inductances, capacitances, 
ideal transformers and ideal “‘gyrators” (cf. R 73). 
Of every order there are two types of four-pole, 
which can be transformed one into the other by 
connecting an ideal gyrator to any of their terminal 
pairs. The necessary and sufficient conditions of 
realizability are derived. 


R 90: W. Elenbaas: Dissipation of heat by free 
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convection, Part I (Philips Res. Rep. 3, 
338-360, 1948, No. 5). 


This article is identical to that published in “De 
Ingenieur” (see these abstracts, No. 1773). 


R 91: A. van Weel: A new principle for trans- 
ceivers (Philips Res. Rep. 3, 361-370, 1948, 
No. 5). 


It is shown that the self-oscillating triode mixing 
stages described in a former article (see these ab- 
stracts, No. R 80) offer distinct advantages for trans- 
ceiver circuits, the most important of which is the 
possibility of switching from transmitting to receiv- 
ing, and vice versa, fully electrically without any 
mechanical switching in the antenna circuit. As a 
consequence, switching in an ultrasonic frequency 
can be used, making it possible to establish a two- 
way communication. A system is described for 
stabilizing the frequency of both the transmitting 
oscillator and the local oscillator for reception with 
the aid of one cavity resonator. 


R 92: J. H. van Santen and G. H. Jonker: 
The temperature dependency of the index 
of refraction of heteropolar solids (Philips 
Res. Rep. 3, 371-377, 1948, No. 5). 


While the electronic polarizability of molecules 
does not vary much with temperature it is found 
that the electronic polarizability of heteropolar 
lattices shows a pronounced dependency on tem- 
perature. A tentative explanation is suggested based 
upon the assumption that the electronic polariza- 
bility of heteropolar lattices is mainly of an electron- 
transfer type. 


R 93: J. F. Klinkhamer: Empirical determina- 
tion of wave-filter transfer functions with 
specified properties, Part II (Philips Res. 
Rep. 3, 378-400, 1948, No. 5). 


Continuation of a previous article (see these ab- 
stracts, No. R 72, where the contents of the present 
paper are indicated). 


Erratum 


The code number of the article AN IMPROVED X-RAY DIFFRACTION CAMERA 
published in Philips Techn. Rev. Vol. 10, No. 6, 1948, p. 157, should read 


548.73 : 621.386.1 : 778.332 


instead of 548.73: 621.386.1: 788.332 
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SUBJECT INDEX, VOLUMES 1—10 


Volume Year Volume Year 
1 — 1936 6 — 1941 
2 loa 7 — 1942 
3 =—95l938 8 — 1946 
4 — 1939 9 — 1947/1948 
5 — 1940 10 — 1948/1949 


The number in heavy print beside each subject indicates the volume, and the following 
number the page. 
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optical models: 
principle, distribution of 


Cable testing, see Power cables 
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applications: 
characteristics of output 
valves . 5 5, 61 
characteristics of trans- 
mitting valves 4, 56 
phase angles, measure- 
ment ‘i 5,208 
pressure indication. . } os 
recording with nen speed 
scanning . 2,148 
applications in which an ‘ordi: 
nary oscillograph apparatus 
is used, see under 
Cathode-ray oscillograph 
Cavity resonators .... F } cae 
Ceramics: 
survey - 10,205 
titanium dioxide . . 10,231 


Change-over to emergency appa- 

ratus in communication systems 8,310 
Chrome iron for metal-glass joints 2,306 
Cinematography, light sources 


for — . oka lok 
Coal mines, 5 Seeereren of —. .10,334 
Cold emission . . 4,100 
Colours: 
chromatic adaptation of the 
eye 9,257 
~ deviance: eonival.: 4 6,186 
— diagram (I CI- -triangle) 2, 39 
perception of colour . 1,283 


— stimulus and ponehtions. hee 
Colour Epieemohy «4 additive me- 


thod . 5, 48 
Colour rendering of light sources: 
improvement: 
blended-light lamps 5,341 


incandescent lamps 
(“Philiphane”-glass) . . 3, 47 
mercury cg de Peers 
cence) . ae 
method of comparison of 
“white” light sources ... 2, 1 


photometer for investigation 4, 66 
Condensers: 
ceramic — . 10,231 
electrolytic — : 2, 65 
linear action tuning - 4, 277 
low-loss —. 5,300 
power — 1,178 
pressure— . 4,254 
10000 kVA battery . 2,182 
Condenser microphone, see Micro- 
phones 
Conduction in solids: 
non-metallic materials . 9, 46 
semi-conductors with large 
negative temp. coefficient . 9,239 


Conical disk springs . ... . .10, 61 


Contacts, electrical: 
contact pressure, control . . 6, 61 
convergence resistance . 4,332 
transition resistance (influence 
of adsorption) . 5,238 
vibration of contact springs 7,155 
Contact arc welding, see Welding 
Contact therapy, X-ray apparatus 
for— .. 
Contrast aad vicibilitys see Eye 
Converting D.C. into A.C., see 


24 Vibrators 
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Cooling methods: 
air cooling of transmitting 


valves . : . 4,121 
idem, improved oud 5 aval 
spray cooler . 10,239 

Copper wire, non-ferrous . . 8,315 
Course finder for aeroplanes . 2,184 


Crystal structure, 
analysis 

Current regulation by barretters 3, 74 
Cyclotron, iron for electromagnet 10,246 


see Structure 


Damping mechanical vibrations, 
see Mechanical vibrations 


Deaf-aid apparatus. . . 4,316 
Debye-Scherrer camera . . 10,157 
Decibel, definition and use . 1 4, ANT 
Decimal classification . Ae Bea 
Demonstration studio for electro- 
acoustic purposes . . 10,196 
Density meter . . 5,331 
Diamond: 

crystal defects . «2,204 

dies a Ok 
Dielectric constant: 

materials with high — . . .10,231 


temp. coeff. of — and losses 9, 91 


Dies: 
diamond fa es, LA: 
hard- Pesta fear bude Peeks OUO: 
Directing instrument for femur- 
neck nailing . 8,237 


Directional hearing, see Stereophony 


é erate 1,183 

Disk test for machinability . . } 1.200 

Distortion: 
in coil-loaded cables . . . . 4, 79 
in the ear rude co aioe ag Ele 
of magnetic origin . se LOS 
measurement of — in loud- 
speakers . . 4,354 
in output valves. 5,189 


in sound film with oblique slit 6,110 
reduction by feed-back, see 
Inverse feed-back 
Dosimeter for tke. . 10,338 
Drying lamp . 9,249 
Dynamo for bicycles see Bicycle 
dynamo 


Dynamo pocket torch . 8,225 
Dynatron . 5 aeiles} 
Ear: 
directional hearing . . 6,359 
distortion . pier. 24ch67 
perception of pitch, eae i 8,200. 
sensitivity . irene 2,247 
sharpness of hearing Pe. eran 6,234 
Elastic constants of metals... . 6,372 
Electro-acoustic demonstration 
studio . 0,196 
Electrolytic condense : . 2, 65 
Electrometer with vibrating 
condenser: 
for py-measurement . ectid eld 
direct reading —. . . 10,338 


4 4, 68 


Electrometer triode... . - ) 5, 54 
Electron, 50 years history . 9,225 
Electronic conductivity of non- 

metallic materials. . . . 9, 46 


Electron counter, see Geiger 
counter 
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Electron diffraction diagrams: 
different applications . . 3161 
recording with electron mi- 
croscope . . . Me Ost oS 
texture investigation : 5 Ppiletes 
Electron emission, secondary, see 
Secondary emission 


Electron microscope: 
investigation of emitting me- 


tallic surfaces we ot2 
investigation of a-y irancined 
in iron. a, Leads 
with continuously — variable 
magnification. . . Be ee ah 
for 100 kV (photograph) . Sey 
for 400 kV . . . 9,193 
stabilization of ‘accelerating 
voltage for — eet O, 135 
Electronic switch: 
application in opeillogeep hs 3,150 
GM 4196 . ; 4,267 
GM 4580 . . 9,340 
Electron trajectories: 
in magnetron . 4,189 
in multigrid valves aes ow 
model for investigation ote 2,338 
Electronic valves, see Radio 
valves 
Emergency be change- 
over. oe 5 . 8,310 
Enamelled wire . 3, 40 
Epicyclic gearing 9,285 
Equalization of elses cables 7,184 
Equivalent networks with highly 
saturated iron cores. 2,276 
Exhibition illumination, see Tans 
nation 
Expansion, thermal, of ferromag- 
netic alloys sot ichih-we O, mou 
Kye: 
characteristics at low bright- 
ness levels . ss 1,102 
colour perception, see Colours 
contrast and visibility: 
in road lighting . 2 166 
in tunnel lighting . 10,299 
in X-ray Hussey as . 4,114 
glare . . a 5 Le 45) 
night Lindpess! So eal! 
sensitivity . 5 » » D296 
speed of vision ‘and visual 
EXON, 8) Go od Bo 8 oe 1,215 


Facsimile, equipment for high speed — 


transmission: 


Peneralacata omens. ute meee 10,189 
Eransmitter =-5 mcue cee tl Osco 
KECERVER Shi danske tne 10,265 


transmission. . . . . . . .10,289 
synchronisation . . . . . . 10,325 


Fastness-to-light meter: 


description 1,277 

radiation intensity . 2,282 
Femur neck nailing ..... . 8,237 
Ferrites: 

“FPerroxcube”’, see under that 

title 

crystalline structure - 9,185 

application in semi-conduc- 

LOLS cee se es Be 95239 
“Ferroxcube”: 


development and properties 8,353 
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applications: 

ee , 9,161 
* 710,353 
pulse generator television 10,125 
saw-tooth generator . 10,313 
transformer frame aerial 9, 62 


carrier telephony 


Field strength measurement: 


ACCULAC YH jen Mic Monee 5,149 

recording apparatus . 2,216 
Field strength in high-voltage in- 
stallations.25 (Ss cheese Pe Bea aA, 


Film projection: 
incandescent lamps for — 
— with water-cooled mercury 
lamps 


Filters, electrical: 
general theory 


practical calculation . . . . 1,270 
LOWe Pass iimm- inet shee onieh seer 1,298 
high pass and band pass—. 1,327 
AC as A dino om eoke ¢ 1,332 
transient phenomena . 1,363 
— for carrier telephony. . . 7,104 
influence of losses . . .. . 7,138 
Filters for oil, see Oil filters 
Fitting for road lighting . 5,222 
Flashlight lamps: 
“Photoflux” 
description ...... 1,289 
peak time of flash . . 4,148 


synchronizers for—. . 2,334 
gas-discharge — 

for stroboscope — oe seOaeeo 

for Wilson chamber . .10,178 


Flickering: 
improvement by luminescence 3,272 
of electric light sources . . 6,295 
Fluctuations, see Noise 


Fluorescence: 
phenomena, theory. .... 3,125 
— and phosphorescence, diffe- 
FentaiOrmiseee eee. cee. 3,241 
— of solids, theory ... . 6,349 
applications: 
general survey. .... 9,215 


in low pressure mercury 


lamp, see Fluorescent 
lamps 

in high pressure mercury 
lap ee ee ete 5,341 


for testing and research 3, 5 


for X-ray screens . 9,321 
Fluorescent lamps (tubular): 

LIN Cip lesa es ae til We oes 3,272 

application in coal mines. . 10,334 


application in living rooms 8,267 
construction: 
for high voltage . . 
for low voltage 
starter switch for— . 
Foundry: 
high-frequency furnace . . . 
X-ray testing of castings. . 
Frequency analysis, recording ap- 
paratus 
Frequency, measurement of —, 
with oscillograph . 


. 4,337 
- 6, 65 
- 10,141 


1, 53 
2,377 


o 4 6 ose oe Oh oe 8 se CU 


3,341 
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Frequency-changing valves: 
Migder as = 30. este sy are 
four-beam octode .... . 3,266 


Frequency characteristics, recording: 
automatic recording appara- 
tus ee ch 


4,354 
tone generator for — sites sa 


5.263 


PHILIPS TECHNICAL REVIEW 


Frequency modulation: 
comparison with amplitude 


modulation’; (3). = semen 8, 89 
control with oscillograph . . 3,248 
principles) = <))-staee eiee 8, 42 

: : 4 8,121 
ultra short wave link with — ? 8.193 
Fuses, testing with oscillograph 4,118 
Galvanometer .......- ; oa 
Gases, detection of poisonous. . 8,341 
Gases, permeability of metals for: 
theory ~3/)<. sete) aekomee eee? 6,365 
experiments so) clos men ee 7, TA 
Gas-discharges: 
comparison of sodium and 4 1, 2 

mercury lamp .... . ( 1, 70 
excitation and ionization in 
positive column. ..... 3,157 
high frequency oscillations in 
sodium lamps rinel Lewes }9( 
light emission in positive co- 
lumn of mercury, sodium, 

NEO. ine oe cea eee eke 3,197 
luminescent tube-wall with 
low pressure mercury column 3,272 

Gas-discharge lamps: 
A.C. circuits for—. .... 2,103 

3 3,272 
HICK Cre silage ae mecdetenes ; 6.295 
oscillographic investigation . 3,148 

4, 1,120 
Pphotoimetrys .. o scursntne- ? 5.166]: 
recording — for facsimile . 10,265 
see also Gas-discharges and 

Lamps 

Gas-filled photocells, time lag. . 4, 48 
Gas-filled rectifier valves: 
physical principles... . . 2,122 
see also Rectifiers 
Gearing, epicyclic— ...... 9,285 


Geiger counter: 
application in tracer method 8,330 
electron counter, description 6, 75 


X-ray spectrometer with— .10, 1 
Gétterserety 542s ON ee 4, atc 5,217 
Glory Unite a0. emus Gece asia Bp 2 
Glare: 

in road lighting ...... 1,225 

in tunnel lighting . ... . 10,299 
Glass: 


alloys for sealing to —.. . 
composition, properties, use . 2, 87 
joints with metals (chrome 


IZOD) ys wots he keM ste 2,306 
metal leads through glass . 3,119 
Bifttered, glass.) fico. «1 5 8, 2 
stresses in glass ...... 9,277 
Vitreous state. ce ven . 8,231 

Glow discharge tube for voltage 
stabilization) ie veien.c) aii 08,272 


Gramophone records: 
simple apparatus for recording 4,106 
speed of playing 2, 56 
stereophony on— ... . . 5,182 


Hardening oils, investigation of 


cooling process ..... 9,147 
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Hard metal (“hard cemented car- 


bides’?) ty: 5% 701 Vitter eons eee 4,309 
Hardness, definition and measure- 
ments 19G4. PPS ee 2,177 
Hearing aid apparatus . . . 4,316 
Heliographic printing, mercury 
lamps’ for — Sool. ee oe 6,250 
High frequency furnace with valve 
generator! ©.) cpemisiie- | onions I, 53 
High voltage: 
assembly of 10° V generator 
(photograph)..0.- neon 4,159 
field strength in — construc- 
TLONS's co ge gst eee 6,270 
impulse voltage generators, 
see under that title. . . 
generator for 10° V on the cas- 
cade principle . . 2.2. I, 6 
generator with stabilized vol- 
TALE sc sonnets ee eee 0,135 
installation Cavendish Labo- 
FACOLY irapesutss <0 siete) ae 161 
rectifying valves, see Rectifiers 
X-ray tube — construction 4,153 
Hysteresis: 
distortion caused by — . 2,193 
measuring apparatus for soft 
iit ee ee Ge, Ge ieee 
oscillographic recording. . . 3,341 
Teonoscoper of.) «0.4 ) eine 1, 18 
Jilumination: 
aerodromes y aoe 
Soe. nee ) 6, 33 
architecture and—..... 2, 8 
black-out illumination: 
brightness of night sky. 5,296 
concept of brightness 6,161 
filter method ..... 5, 93 
principles. as ene 4, 15 
blended hight <1 .0.2 ei qT, 34 
coal- mines) << hg s  ee 10,334 
efficiency of installations . . 7, 97 
exhibitions: 
Liége 1939 5, 42 
Paris 1937" (ican ere 2,361 
“Well-lighted House”. . 4,174 
indirect —, light distribution 
on. reflection) 7.° «ac wate 5,125 
— intensity in offices and ho- 
ct): eS carne ee a) Brel x 8,242 
League of Nations Palace, 
Geneva: in 2) cas, ake 3,175 
linear light sources: 
illumination _ intensity, 


shadows, reflections . . 
reflecting surfaces . . . 5, 16 
calculation of installa- 


tions oar arals eee 6.147 
living room —, see under that 
title 
principles of public— .. . 2,110 
railway yards ...... 4, 61 
road lighting, see under that 
title 
ships (“Nieuw-Amsterdam”). 3,356 
standards for illumination le- 
Vela. we See? 10,214 
streets: 
principles’... 0. . . 2,142 
reflector "2. 3) <0 2) ere GeS28 
tennis courts ..... oe sz: 
theatre» Utrecht. <°. 10. ve 


traffic tunnels. . . . . . .10,299 
work benches . .... 
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Impedance measurement: 
with resonant Lecher system 
with non-tuned Lecher system 
Impulse generator (carrier supply) 


8, 16 
8,278 
8,137 


Impulse-voltage generators: 
TOPE XcAG® V-. -, 
up to 4 x 10° V and 80 kW sec 


1,236 
» 3,306 


Incandescent lamps: 


assembly of 10 kW lamp (pho- 


tograph) . 4, 41 
“Biarlita”’ lamp (coiled- “oil 1, 97 
bicycle rear lights . 5 Shiai) 

— for cinematography < Pls 


colour rendering, see under 

that title 

efficiency, improvements . 6,334 
—for film peor aes Sugeno Rete 


flickering ‘ . 6,295 
lighthouse lampa 5 eA!) 
— for photography : - 6,259 
“Protector” lamp « 4°15 
series connection . . 6,105 


— for testing fastness-to-light | 

tungsten ribbon lamps . 

see also Illumination 
Indicator for internal combustion 
motors, see Pressure indicator 


1,277 
. 9, 82 


Infrared radiation: 


drying with —. . 9,249 
surveillance system . 1,306 
therapeutic use 
large apparatus . 6,202 
“Infraphil” ee eoa iii 
Intelligibility of speech . . 3,139 


Inverse feed-back: 
principle and pease for 
application . Seng 7ApEN) 
applications: 
in electrometer amplifier 10,339 
for expansion in sound re- 


production . . . 3,204 
in receiving sets . . 1,264 
in repeaters . . 2,209 


for stabilization of am- ; 9, 25 
plifiers 9,309 
Ionosphere, radio investigation of 8,111 


Tron content of copper wire 8,315 
Tron for cyclotron magnet . 10,246 
Iron filament in barretters . shy CA 
Iron lung . 5 - 4,325 
Tron, transition a to “sd Boe pelola 


Isotopes, see Tracers 


Krypton, in incandescent lamps 6,334 


Lacquers, adhesive force . . . . 8,147 


Lamps, see Blended light 
Flashlight lamps 
Fluorescent lamps 
Gas-discharge lamps 
Incandescent lamps 
Mercury lamps 
Sodium lamps 
also Illumination 


Laryngophone 4 65 © 


League of Nations Palace, Geneva: 
electro-acoustic i grea ‘ 
illumination... . 5S 

Lecher systems ..-+-+-++- > 
ya 


3,322 
3,175 
6,240 
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Liége, illumination of Water Ex- Material testing: 
hibition 1939 . 5, 42 automatic — with ionization 
Light distribution of preetoes . 9,114 chambers and X-rays . 3,228 
Light sources, see Lamps electron microscope for —. hee 
Lighthouse lamps ake . 4, 29 ¢ 1,317 
Lightning, electrical data . 5 Reeds fastness-to-light } Sees 
Linear light sources, see Fluores- : 
; ies hardness oa. 3 PTE 
rescent lamps and Illumination 1.183 
a machinability .. <5. = ; 1.200 
Living room lighting: : ‘ 
with fluorescent lamps . . . 8,267 X-ray testing: 
illumination intensity . 8,242 apparatus . - 5, 69 
“Well-lighted House’. . 4,174 examples: bl ence 
assembly 258s 
Loading coils: castings . 5 PAs! 
magnetic core material. . . 2, 77 riveted joints - 2,350 
X-ray examination of core welds . . 3, 92 
material =. 3. pes ae method . 2,314 
use, see Telephony ihe also Structure analysis and 
exture investigation 
Losses: Measuring bridge, simple apparatus 
—by after-effect phenomena 8, 57| (Philoscop) - 2,270 
connection with temp. coeff. 
_ of dielectric constant . 9, 91] Mechanical stresses, investigation: 
influence on networks a Cplbate) with cathode-ray amps 5, 26 
magnetic — . 8,353 (varying —) . 6, 94 
measurement phase angles . 5,300 —of glass. é Uae 
with X-ray dillvaction ; 5 ol are: 
Loud speakers: 
directional effect, sound diffu- Mechanicaluihratianse 
SCrPa: . 4,144 of contact springs . ae Oli 
efficiency . caspase AOU) damping of— . . . 1,370 
electrical megaphone 4 . 4,271 pick-up for investigation one 
testing » + + 4,354 with oscillograph. Wig. Veo 2380 
Luminescence, see Pivorescenre ‘ , ; 4 9, 16 
and Fluorescent lamps vibration-free mountings . ? 9, 85 
. 5, 1]}Megaphone, electrical. . . . 4,271 
L tandard rela? rad sai ? 
say aceasta 410,150 | Meltin oint, connection with 
h : ae i 10, 87 
thermal expansion 10, 
Mercury-cathode valves, see 
Machinability, estimation by § 1,183] Rectifiers 
disk test . aL zie Mercury dropping electrode. . . 4,231 
Magnets: 
calculation PIER EE) tlot anid t er 
lifting power Sm eS) fers ate et Bins ee 
use in dynamo a ES recta oe ge Dies ig 
Magnetic material: sea with sodium ; h #3 
hysteresis measurements . . 2, 84 f » ek Se ok ti 6.250 
— for loading coils . 22 Me A) OU NE prin es) 2 
non-metallic — for high ae high pressure —, air cooled: 
quencies “ed 5 . 8,353 HP 300. Ae eee 1,129 
soft iron for cyclotron . . 10,246 HPL (fluorescence) 5,341 
HPL for photography . 4, 27 
Magnet steel: in enlarging apparatus . 3, 91 
high power steel. . . 6, 8 high pressure —, water cooled: 
theory, properties of different dovtacrodxonion 9165:33 
kinds : - 2,233 brightness . het) 02 
use for magnets oe - 5, 29 for film projection. . . 4, 2 
Magnetostriction, effect on thermal properties and applica- 
expansion -10, 87 (LOTS a ae oe 2,165 
low pressure —, with fluores- 
Magnetron: cence, see Fluorescent lamps 
as direct current amplifier . 8,361 see also Blended light and Ilu- 
theory 7 . 4,189 mination 
use in transmitter 2 #lg - 2,299 | Metal leads through glass, see Glass 
Metal-vapour lamps, see Gas- 
Mains: : : 
oscillographic investigation . 3, 50 discharge lamps 
i inst 1- 
Epes. agains wipe vo "9.995 | Microphones: 
Manometers for high vacua. a2. 201 See Pee x ee 1, 82 
condenser microphone: 
Manufacture, methods of checking: construction. . . - 9,330 
cathode-ray neeiogseD> for circuit with low noise 
testing... ee level . 9,357 
universal testing aor for cadio laryngophone he sh orpee 5 a6 
valves. ree 225 survey of different types . . 5,140 
X-ray €ontrol of ‘assembly . 3,186| Mirror for telescope ..... . 1,358 


376 


self- 


Mixing stage with triodes, 


OSCIULAting yy osc os cen -| seems . 8,193 
Modulation depth, measured with 
oscillographoo.) ..5-mt-me nme: 3,248 


Modulators for carrier telephony 7, 83 


Moisture content, determination 9, 13 
Molybdenum, texture ..... 7,120 
Moving coil meters, non-ferrous 
copper wire for—. ...... 8,315 
Multipliers: 
construction with magnetic 
focussingie.. coe sete ie 3,133 


construction with electrosta- 
tic focussing .. . Sn os2oo 


applications 
television transmitter. . 2, 72 
facsimile transmitter . . 10,257 


X-ray camera-photogra- 
phy 
Multireflection tube 


Music: 
duplication of concerts . 
fortissimo and pianissimo. . 2,266 


perception of pitch 5,286 
pitchointervalsc.a src eutsoes 2, 47 
pitch of orchestras, statistics 4,205 
PILCDAVstaAnG aren Gealcws ate, © 5,243 
playing speed of gramophone 

TECOLAS - G, Hoke iores (2 ese. 2, 56 


Musical instruments: 
Church: bells... etre tevin 
compass of various — 
violin, amplification of sound 


Neon lamps for irradiation of 


plants 1,193 


Networks: 

duality of —, and geometrical 
configurations ...... 
equivalent —, with highly sa- 
turated iron core. .... 

filters, see under that title 
influence of losses . . .. . 7,138 
Neutrons, production and use. . 3,331 
§ 2, 93 
Ree 2158 
“Nieuw Amsterdam”, illumination 3,356 
Night-blindness, testing for. . . 9,211 


5,324 
2,276 


Nickel-iron strip, texture . . 


Nipkow disk: 


construction. .... F . 4, 42 
interlaced scanning. ... . 3,285 
use in television transmitter 2, 72 
Noise: 
CAUSES, OL e Fo niée. «ius. vs 6,129 
ALAM PINOLE Ss Treks, <«:sevebas - ¢ 2,136 
in amplifier valves. . . . . 2,329 
in receiving sets. ..... 3,189 
in sound film reproduction . 8, 97 
: : 5,172 
in ultra short wave reception ; 6.178 


microphone circuit with low 
noise level 9,357 
“Normandie”, sound distribution 1, 22 


ates ee physics: 
aratus for transmutation 
“(1280 CV Pe het ee . 6, 46 
neutrons, production aud use 3,331 
survey 1937. . 2, 97 


Octaves and decibels. . . . . . 2, 47 
Offices, illumination intensity . . 8,242 
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Oil-filters, magnetic: 
action of — 
construction 

Operational calculus in electrical 

filter theory 

Optical aberrations ez 

Optical models for apeurree 

auditorium acoustics, see Audito- 
rium acoustics 

Optical telephony 


eer eee Pee Ne Ol} 


o> oy -0. be pneu re 


Oscillations: 

relaxation oscillations 

see also Mechanical vibrations 
Oscillator, for testing radio sets . 
Oscillator, see Triode-oscillator 


Oscillograms, distortion: 
causes in the amplifier . 
causes in the tube. . . . j 


Oscillograph, see Cathode-ray 
oscillograph 


Paris, illumination World Exhib- 
ition 1937 
Peak voltage meter 


a ee 


Pearls, X-ray testing for genu- * 
IMENOKSY Pe. atin! Se ’ 
Pentodes, see Radio valves and 


Transmitting valves 
Perception of colour 
Perception of pitch 
Permeability of metals for gases, 

see Gases, permeability of metals 
Phase angles, measurement with 

cathode ray tube. ...... 
“Philiphane” glass, influence on 
colour rendering 


Philips-Miller system of sound re- 

cording: 
DUINCIp Lemari Miers eis omens 
sound recorder ...... 
sound-track cutter 
recording "strip. “5. sm) #16 
machine for recording and re- 
productions osu eaene 
stereophonic recording . . . 
use in motor van 


oe Le 


copying of sound track. . } 


“Philishave” dry shaving appara- 
tus 


Cita er Tes Pe er Me Tew er Se SPN ce Cy. 


“Philite” : 
properties and manufacture . 
use, table of properties. . . 


“Philoscop” measuring bridge: 
Gescription et. aoa cee net ee 
polarography with—.. . 
resistance measurement of 

liquids with — 


Py- Measurement: 
with electrometer triode 
with vibrating condenser . . 


Phosphorescence, see Fluorescence 


Photocells: 
principles and development . 


blocking-layer— . . 2... 


application: 
optical telephony .. . 


photometry ..... 


surveillance system . . 
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time lag of gas-filled—.. . 4, 48 
— with amplification by se- 
condary emission, see 
Multipliers 
Photocurrent, measurement with 4 4, 66 
electrometer triode ..... ( 5, 54 
“Photoflux” lamp, see Flashlight 
lamps 
Photographic reproduction: 
of sound | film 7. vere 9, 65 
metal-diazonium system 9,289 
Photography: 
colour photography, additive 
method. <s22.\/subet aes 5, 48 
enlarging apparatus with mer- 
Cury: lamps ins ts cs eee 3, 91 
flashlight lamps, see under 
that title 
incandescent lamps for—. . 6,259 
lamps for cinematography . 7,161 
— with mercury light (HPL 
lamp) >; c.Jis) Seen ane 4, 27 
— with sodium light . . . . 2, 24 
Photometry: 
definition of brightness. . . 1,142 
general problems. . .. . . 1,120 
5, 1 
new candle <)..6 <. 6 «0s 10150 
physical —= <5. sags fae 4,260 
spectral — (block method) 4, 66 
subjective—.......-. 2270 
technical — of gas-discharge 
lamps ss «so es cee 5,166 


tungsten ribbon lamps for — 5, 82 


Pick-up for mechanical vibrations 5,230 


Pitch, see Music 
Planigraphy 


Plants, irradiation of: 
experiments with neon light 1,193 


forcing of tulips. ..... 10,282 

seed ‘potatoes Sees 10,318 
Poisonous gases, detection of . . 8,341 
Polarography "2; «om ace Sere 4,231 
Positive column, see Gas discharges 
Potatoes, storing in artificially- 
lighted cellars 3) 0). eee 10,318 
Potential fields, investigated with 
electrolytic tank: 

method "so ge er, oes 4,223 

applied to igniter of relay 

valve. s\.29eee eure neeies - 8,346 
Potter-Bucky diaphragm . . . . 8,183 
Powder metallurgy. ...... 4,309 
Power cables: 

localization of flaws . . . . 7,113 

testing apparatus ..... 7, 59 
Pressure condensers ..... . 4,254 - 
Pressure indicator: 

construction. . ..... . 5,348 

recording of diagrams .. . 6, 22 
Projection, see Film projection 
Projectors, light distribution of — 9,114 
Protection of overhead lines . . 2,225 
“Protector” Jammps-s40s ae Bao 
Push-button tuning, see Radio re- 
ceiving sets 
Pyrometer, optical, in hardening 
departments 4%. a, 5,0 Se. eee 
Quartz glass, metal leads. . . . 3,119 
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Radiation measurements: 


comparison of fastness-to- 
light apparatus and sun. . 2,282 
density meter . a Beeps 


with ionization chamber and 

electrometer triode oy oe eats 
photographic (X-ray dosage) 1, 62 
X-ray dosimeter . LO 388 


Radio interferences: 


causes and transmission LBS 
combating — 3 A377 
— due to sodium lamps aL 37 
sensivity of aerials to — . 6,302 
Radio investigation of the iono- 
sphere . : hin 
Radio receiving sets: 
aerial, see under that title 
aeroplane radio, see under 
that title 
band spread: 
principles, different Shas 4,284 
simple i : 6,265 
ear radio . . ; noodle 
compression and expansion . 3,204 
directional reception . a9. 55 
diversity reception . re 92855 
frequency characteristics . . 5,115 
h.f. oscillator for testing— . 6,154 
magnetic tuning, negative 
feed-back Shae 1,264 
noise, see under that aitle’ 
push-button tuning 
with linear action con- 
denser ; 50% POA 
with motor . . - 3,203 
resonance curves, control in 
mass production 4, 85 
secret production in war time 8,337 
superheterodyne principle, de- 
monstration eleac0 
super-regenerative reception . 5,315 
see also Telephony, ultra short 
wave connections 
Radio valves: 
characteristics, recording 4 3,339 
with oscillograph . ( 5, 61 
- construction, all-glass — . 4,162 
construction, glass or metal 6,317 
diode for frequency changing 6,285 
electron trajectories in— . 5,131 
influence of transit times and 
space charge; amplification 
with negative anode Aaa Lyall 
influence of transit times, self- 
induction, mutual induction 
of connections ..... peosLO3 
noise of —. . Fis ahs ) mere 
umping plant (photograp > 
Lae a arralle lari ?) 8,289 
testing set for—. . . be 
secon emission in —: 
ahah Onere Botan . 3,133 
counteracted in output 
valves... . . - 10,346 
harmful ieevalts. « d,2k1 
special valves: 
diode as effects chan- 
geriae = . 6,285 
diode for voltage ‘measu- 
rement. . . - Bn ey bads 
diode, magnetically con- 
THEGLLEG lek quate can Cece 8,361 
double cathode connec- 
tion (EF 51)... . . 5,357 
electrometer triode. . . 5, 54 
four-beam octode . . . 3,266 
2 gasfilled triode. . . . . 1,367 
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output valves for low vol- 


tage . . 10,346 

output valves, power and 
distortion 5,189 

ouput valves, testing with 
oscillograph 5, 61 

push-pull amplifier valve 
(EFF 50) 5,172 

see also Transmitting 

valves 

Radiowaves, propagation . . 4,245 
Railway yards, illumination . . 4 61 


Rare gases: 


analysis of argon-nitrogen 
mixtures . he 7 So 
manufacture of : - 4,128 
Rear lights for bicycles 5,335 
Receiving sets, see Radio Sovetving 
sets 
Receiving valves, see Radio valves 
Recrystallization, X-ray investiga- 
tion . ee As her hers 
Rectifiers: 
blocking-layer rectifiers: 
construction, theory . 4,100 
use of selenium— . . 5,199 
small selenium — . 9,267 
cascade generator: 
for 1200 V : 6, 75 
for 25 kV (television) 10, 125 
see also: High Voltage 
controllable unit 20 kV, 18 A 1,161 


high voltage valves: 
for cascade generators . 1, 6 


for X-ray diagnostics . 8,199 
hot-cathode rectifier valves 
principles of gas-filled — 2,122 
relay valve (DCG 5/30) 1,163 
mercury-cathode valves: 
3 : see 4 8,346 
with dielectric igniter ) 9.105 
with metal envelope . . 1, 65 
preservation rectifier . = 9,233 
with stabilized voltage, see 
Stabilization of voltage 
for telephone exchanges aaron 
fe cette e639 
voltage impulses in 2 EAE 
Reflection: 
brightness coefficients of road 
surfaces 3,313 
light distribution’ upon - _ by 
different materials 9,125 
— with linear sources of light 5, 16 
reflectors for bicycles. + 5,335 
Relaxation oscillations . hs!) 
Relay valves: 
rectifier unit with— DCG5/30 1,161 
— as timing devices in welding 1, 11 
see also under Rectifiers 
Resistance measurement 
apparatus for— . . . 2,270 
— of liquids . ete orl OS 
Resistors, automatic starting— . 1,205 
Resonance circuits, u.hf. . . 6,217 
Resonance curves of receiving sets, 
measurement. ... . 4s 85 
Reverberation, see ‘Awdigovioen 
acoustics 
Ribbon lamps . Sats Hike Ds OZ 
Riveted joints, X-ray ey ataidation: 2,350 
Road lighting: 
installed systems: 
measurements ..... 4,292 
Purley Way, = ie 
(photograph) . . . 1,230 


377 
physiological principles 
survey 9,149 
general properties of eye 1,102 
brightness and apparent 
brightness 1,142 
contrast sensibility and 
richness of contrast. . 1,166 
visual acuity and speed 
of vision . 7 1,215 
glare . . 1,225 
principles of public ‘lighting~ 2,110 
reflection of road surface: 
desired brightness and 
contrast . 2,239 
distribution of bright , a ols 
ness . ‘ : oo ) A ome 
visibility meter for judging — 1,349 
street lighting, see Dlumina- 
tion (streets) 
« 99 4 3,292 
Rotalix’”” X-ray tube -) 8, 33 
Scanning speed, see Cathode-ray 
tubes 
Schmidt-optical system: 
principle ore gy ios eM 
correction plates, ‘manufae- 
ture of — . 9,349 
for projection- television . .10, 69 
testing of spherical mirror .10,286 
Secondary emission: 
emission of different materi- 
als ear Slecsete osuieh) 
undesired Nee in n amplifier 4 3,215 
valves . $10,346 
applications: 
cathode-ray tube. . . . 3,214 
dynatron, multiplier, 
amplifier valves . Sos HIB 
amplification of photo- 
electrical currents, see 
Multipliers 
Selenium photocell . 8, 65 
Selenium rectifiers, see Rectifiers 
(blocking layer —) 
Semi-conductors with large nega- 
tive temperature coefficient 9,239 
Shaving apparatus, “Philishave” 4,350 
Short waves, see Ultra short waves 
Short-wave therapy, generator 7,147 
Signalling in carrier telephony . . 8,168 


Sintered glass: 
description, properties ... 8, 2 
use in transmitting valves .10,273 
Soap film models of electrical 


networks . ade aie 
Soapstone, X-ray testing . 1, 60 
Sodium lamps 
applications in photography 2, 24 
comparison with mercury 4 1, 2 
lPwaihee Mone a oo. Silo o ob 1, 70 
h.f. oscillations inm—.. 1, 87 
principles and development 2,353 
see also Illumination 
Sound: 
AMOS co Gen oO 5 whe 3,363 
amplification: 
apparatus for improving 
defective hearing . . . 4,316 
League of Nations Palace 3,322 
megaphone 4,271 
“Normandie” : amb 422 
principles, applications . 3,221 
audiometer,. ss .5 05). * 6,234 
auditorium acoustics, see andes 
that title 
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electro-acoustic demonstra- 
tion studio . . 10,196 
intensity of different sources 2, 54 


pitch, perception of . 5,286 
radiation: 
pressure measurements . 1, 82 
theory and models. . . 4,213 
recording: 


gramophone records, sim- 

ple apparatus . 4,106 
machines for Sornvd! Abe bye 
Philips-Miller system, see 

under that title. 


reproduction: 
compression and expan- 
SIONU Se vest Ce ee 3,204 
duplication of concerts . 10,169 


fortissimo and pianissimo 2,266 


in radio apparatus . . 9,115 
spectra: 
acoustic spectroscope. . 4,290 
light diffraction by sound 
Cae Gace otk Boe 3,298 
recording apparatus for 
frequency analysis ds 
stereophony, see under that 
title 
synthetic sound ...... 4,167 
tone? Penerator <1.) seeks 5,263 
: 2, 47 
AUIUSIE SD one elise MOLL cael } 5.243 
Sound diffusers in loud speakers . 4,144 
Sound film: 
copying with metal-diazonium 
SVSLOMIA 7 ct ruetetn cue ohiaaeeaie 9,298 
distortion with oblique slit . 6,110 
light diffraction by — 3,298 
machines for recording and 
reproductioni..... sscie.. « 5, 74 
noise in reproduction, counter- 
BCUDS ee ties ‘es nsencdcl ic .° 8, 97 
Philips-Miller system, see 
under that title 
problems in reproduction of — 9, 65 
Spinels § ; 9,185 
3 skh RC ee Se 9.239 
Springs: 
conical disk— ...... 10, 61 
LITO le | gna a 9, 85 
Splimeabalances ... . st ws 1,126 


Stability of triode-oscillator. . . 7,171 


Stabilization of voltage 
D.C. generator, — by means 


OLsITIOGES ess Phe 3 3, 97 
“preserving” rectifier. . . . 9,231 
rectifier for telephony exchan- 

RES aR Ne MLCiese st petier ar veh 6, 39 
— with highly saturated iron 

CONG Sem saul oh. 6, oii ots ees 2,276 
stabilizing tube ...... 8,272 


voltage supply, low tension. 6, 54 
voltage supply for electron 


microscope. .... fee Os135 
Starter switch for fluorescent 
LENG TOS ioe ga -EaARee “ce Giese ce lee 10,141 
Starting resistors, automatic . . 1,205 
Steel: 
SUSLEMPeLiNg weer eres |. 6,279 
Reon Be : ‘ 1,183 
examination with disk test } 1200 
magnet steel, see under that 
title 
Stereophony 
apparent elevation. ... . 9, 8 


condenser microphone for— 9,330 
deaf-aid apparatus with— . 4,316 
duplication of concerts . . .10,169 
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formation of images . ... 8, 51 
localization “in front’ and 


“behind”, angle of elevation 6,359 


principles. u-mmeeme . 5,107 
recording on gramophone disk 5,182 
recording on  Philips-Miller 
filrni j.2, 34 Re eee . 6, 80 
Street lighting, see Illumination 
Stroboscopers: . 9 1 oete 8, 25 
Structure analysis, X-ray: 
methods: 
apparatus with Geiger 
counter” = va". eee .10, 1 
Debye-Scherrer-camera . 10,157 
general .. 2 750. Bee Lox2d 
“sensitive” lines . . 1,253 
X-ray tube for— . . . 3,259 
applications 
SULVGYiN . ent eeeme tie 5,157 
analysis of mixtures . . 1,158 
crystal defects 2,254 
crystal Sizer eas 2,255 
Le3k 
identification 1,158 
1,188 
mixed crystals. ... } ee 
recrystallization . . . . 2, 29 
strains “pth ieee ee sis 
texture investigation, see 
under that title 
Studio equipment: 
broadcasting studios . . . . 4,136 
electro-acoustical demonstra- 
tion studio (a. 3.3, sacs 10,196 


new principles of construction 6,139 
peak-voltage meter for— . . 7, 20 
see also Auditorium acoustics 


Superheterodyne reception, de- 
monstration model el 6 
Super-regenerative receiver . . . 5,315 


Surge protection of overhead lines 2,225 
Surveillance system with infrared 
TAY Si. estes acer Mar asct meu aie sees 1,306 
Switchboard wire for telephone 
installations oo. 4 « seo a eee 6, 85 
Synchronization, see F oe and 
Television 
Synchronizers for flash- light EDyiS 
graphed gues sears . . 2,334 
Synthetic sound. ....... 4,167 
Telephony: 
carrier telegraphy ..... 8,206 
carrier telephony: 
on coil-loaded cables . . 4, 20 
distortion in loaded ca- 
bless aera aaa sie 4, 79 
carrier supply (17 chan- 
NEIS) sks 6 Rees casa 8,137 
equalization of cables (17 
channels’ cri. @riegare eure 7,184 
filters (17 channels) . . 7,104 
maintenance measure- 
mentisi}sy sveclicen: Jey 8,249 
modulators ...... esA00 
Principles | cm sipeatas kc. 6,325 
selenium rectifiers for mo- 
dulatorsion<. hone 9,267 
signalling with carrier wa- 
Ves CT alert enact 8,168 


48-channel system 
method of modulation. 9,161 


construction ..... 10,353 
change-over to emergency ap- 
paratus) «hes 4) F 8,310 
loading coils 
coré;material Mic seen le ie LL 
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TSE «)  hcee See ee eee 1,353 
optical telephony ..... 1,152 
rectifiers for small telephone ; 1,295 

exchanges ‘ 6, 39 
repeaters +... sista - » 2,209 
switchboard wire ..... 6, 85 
ultra short wave — 

connections: 

Eindhoven-Nijmegen . . 2,299 

Eindhoven-Tilburg, first 

installation;, «40. nee 2,171 

Eindhoven-Tilburg, with ; 8,121 

frequency modulation? 8,193 

with moving automobi- cat 

les) Pi. 5 Wee ree roy 

for the tropics. 6,120 

Telescope mirrors ....... 1,358 
Television: 
amplifier, transient characte- 

tistic ovis 8 geen 6,193 
experimental installation . . 1, 16 
Nipkow disk, construction 4, 42 
projection of pictures 2,249 
recetvilip sets. aon ee } ree 
projection-television receiver: 

cathode-ray tube 10, 97 


— deflecting circuit. . . .10,307 
high-voltage supply . .10,125 
optical system 1 

— synchronisation 
testing of mirror. . . . 10,286 

transmitter with interlaced 
scanning 
idem, transportable 
transmitter with Nipkow disk 
idem, with interlaced scanning 
9kW experimental transmitter 7,129 


Temperature measurement: 
with pyrometer . 7. 2. 
with thermo-elements .. . 5,214 


Texture investigation: 


chrome-iron cups ..... 2,158 
cross-rolled molybdenum . . 7,120 
electrolytic nickel coating. . 1, 95 
electron diffraction, alumini- 

Tm MIELOrs 6. eet a eee 7,178 
methods, pole figure . . . . 7, 13 
nickel-iron strip ; 2,95 

AS aoe c: 7 45 
soapstone, pearls. . .... 1, 60 
Theatre Utrecht: 

ACOUSTICS)" of sous eho tae tee Keo) 

illamination <i... eee eee yet 
Therapy: 

infrared—. ..... . 6,202 

infrared — with “Infraphil” . 8,177 

short wave— ....... 7,147 

X-ray —, see under that title 
Thermo-elements for temperature 
measurementic cuceeent sua Te 
Thermo-junctions . . 3,165 


Titanium dioxide as diclootrie 10, 231 


Tone generator: 
for 440 c/s, with string . . 4,205 
up to 16000 c/s... . . . 5,263 
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